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Hehoitliis managonient in the Australian cotton industry in the past has been heavily Tenant
on insecticide application. Resistance monitoring over the past several years all over the
cotton belt indicates that this management approach based on cheniicalinsecticides is no
longer alitonmentally or econontically viable. Alternative managernent tools being studied
as part of a move towards area-wide managernent of this pest include cereal-cotton rotation
and trap crops. Below are synopses of the progress to date on each of these management tools
in the Emerald trigation area
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eliothis management

rintrod"ctio"

In June 1997 a Cotton Research and Developmerit Corporation (CRDC) funded project was

ittitiated in the Emerald Irrigation Area (EIA), for the development of management strategies

to minimise off-site movement of pollutants(sediment, nutrient and pesticides) at the paddock

or fun scale (Waters at a1, . 1998). in particular, the goal was to apply plot scale research

thongs at the paddock scale and to assess the practicality and feasibility of adoption of these

managernent practice by farmers' Planting cotton into standing wheat stubble was one

management option which proved to be highly effective at reducing pollutant movement. A

futiler unexpected finding was an early season reduction in insecticide sprays on cotton that

was planted into the standing wheat stubble. This finding has generated interest from growers

and researchers because of the need for environmentally friendly pest managcoient measures

in this area which is characterised by high levels of insecticide resistance impest populations

Cereal Rotatio s and Henothis

Over the pasttwo seasons there has been an increase in the number of glowersplanting cotton

into standing wheat stubble in the EIA. Growers have been enthusiastic to assess the

potential for the rotation to reduce reliance on chemical sprays and also to reduce off-site

movement of porrumiits in rimoff The wheat cotton rotation (W-C) has resulted in a

reduction of up to three early season spraysin 1997/98 on several finns in the districtin what

wasregarded as a high pestpressure season. The 1999/2000 season was a low pressure season

and heriottiis numbers in the wheat cotton crops were not significantly different to

conventional cotton crops in the EIA. Whilst a W-C has proven to be highly effective in

allage e t



reducing pollutant movement in nanoff; filmier monitoring needs to be carried out over a

number of seasons to assessthe fulleffectiveness of the W-C as amearls of reducing reliance

on chantcal applications.

This paper will outlines the developmerit ofW-C in the EIA and its potential use as ato01fbr
henothis management

rite developme"tat' inject^^'Colto" Rot@tio"

In 1996/97, the first known crop of cotton was double cropped into wheat stubble (W-C) on

one farm in the EIA. At the completion of the 1996/97 season it was observed that there was

areduction in the required number of endosulfan sprays applied to the W-C crop compared to

the adjacent conventional cotton crop (C-C). fill997/98 the same gower agreed to repeatthe
rotation with the main focus of the malto measure rimoffand water quality (Waters at al. ,

1998). In addition, insect and predatornumbers were monitored to look at the reduced spray

phonomena in more detail. Again, tiree less codosulfaii sprays were required for the W-C

crop in what wasregarded as ahiglipressure season.
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By 1999/2000 the interest in W-C rotations had increased in popularity with eiglit gowers

participathig. The reason for the increased adoption of the practiceby gi'owers wastwo fold :

Previous data showed erosion and chenxical movement transported off-site in

rimoffwasreduced by asmuch as70%

2. Growers believed that W-C rotation could provide an alternative managonient

strategy which would reduce the need for chemical applications .

Four of the eightfamis planting cotton into wheat were selected within the EIA and henotliis

egg, larvae and predator numbers were monitored by visual estimates and by suction

sampling on aregular basis, early in the season (November to January).

Res"Its cmdDisc"ssio"

The 1996/97 season had higliearly season pressure with average heliothis numbers fburimies

higher than the 1999/2000 season (figure IA and B). in 1996/97 C-C crops exhibited

consistantiy biglier heMoths numbers througliout the first halfofttie season in comparison to

W-C crop. In contrast the 1999/2000 season was a relatively low pressure season and there

was ino significant differonce in henotliis numbers between C-C and W-C on the four f;,, mm



monitored. This was also reflected in a similar nuniber of insecticide applications being

apphed for W-C and C-C overthe season
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Figure I : Henothislarvae/in2 for conventional cotton (C-C) and wheat cotton rotation (W-C)
for a Inglipressitre season (A)- (1996/97) and low pressure season (B)- (1999/2000)
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till996197 it wasreported that cumulative predatornumbers were found to be 20% higher for

the W-C than C-C (Waters at at; 1998). In 1999/2000 however, total predator numbers were

much lower in the EIA and no significant difference in predator numbers was found between

C-CandW-C.
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Whilstlimited, the existing data suggest, that in a high pressure season, W-C may

reduce henothis numbers andtherefore chemical applications. The 1999/2000 data

highlightsthe need for further monitoring to cover a range of seasonal conditions

before the W-C system can be integrated into ariarea wide pestmanagementstrategy

o 20

One possible explanation for the reduction in henothis pressure is that the wheat stubble is

animg as a physical barrier preventing heriotiiis moths finding the cotton plants (Waters at o1;

1998). Once the cotton plant emerged above the standing wheat stubble, there was no

difference in chemical application for hellotliis control between tieaiments. If it's haglit

structure phonomeria is affecting the hemothis moth seeking out young cotton plants, results

would beexpectedto varybetween cotton gowing areas depending on the amountandheight

of stubble retained from previous wheat crops. The rapid increase inithe number of growers

mating wheat cotton rotations both in the EIA and in Southern cotton growing regions will

greatly assist researchers in understanding this phenomena. Work is currently being carried

outin Contral Qld by DPI altomologists, will look at the interaction of crop heiglit structures

and henothis moth behaviour
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intent<:0"0" 401, blecroppi"g@"d/PM-the China Experie"ce

Whilstthere have been limitted reports of reduced henothis pressure in W-C systems in

Australia, in The Yellow River Valley of China W-C fomis part of an integrated pest

management system forthe region (Xia 1994). Xiafound that structures of insect
GOL, uniunities and the incidence of in:^jor insect pests in W-C double cropping are quite

different from those in single cotton cropping. higaneralaW-C system was found to be

more diverse and more stable than single cotton cropping thus possessing less possibility for

insect pest outbreaks. In addition, biodiversity of beneficials and stability in W-C double

cropping were greater than in single cotton cropping and provide abasis for natural control

F"mreDirectio"

Current management of cotton pests based on cheintcalinsecticides is rapidly beconting no

longer onironmentally or econonxically viable. Early indications suggest that a W-C system
is effective in reducing baiothis numbers and insecticide applications in higli pressure

seasons. However, further work is required to assess the effectiveness of the management

system under the full range of seasonal conditions

Winst the recent emphasis has been to reduce cheinical applications in the fanning system,

gowers should be aware of the proven benefits of cereal rotations on improving water
This isquahty, reduced erosion and improved soil condition (Waters at a1; 1998)

particularly important at present where there is an increasing pressure for growers to gain
accreditation through Best Management Practice



Trapcrops

Background

At the end of the 1996-97 season, cotton growers in the Emerald hagation Area (EIA)
decided to trial a strategic beginning- and Grid-of-season (BEOS) trap-cropping program as a
first step in the development of an area-wide management strategy for Hellcove, PC spp
(Sequeira 1998). Since its initial implementation, the Emerald program has generated
considerable interest in alternative (non-cheniical based) population managernont tactics
tlirougliout the Australian cotton industry. There has been renewed awareness of the need for
integrated pest management in an environment characterised by Inglilevels of insecticide
resistance in pest populations. Several other glowing areas within the Australian cotton belt
have begun to move down the path of trap cropping and area-wide ERM programs.

Whilst the program has continued to enjoy a high level of support witliin the cotton growing
comumuiiity in central Queensland, there is a Teal need to evaluate the achievements of his
research and its likely impact, In the following sections progress achieved at the end of tree
cycles of trap cropping in Emerald is SIImmarised. Possible future development of the
program is also outlined

Ev"Mati0" @1theEmer"Id!rap<, ropp", gprogr"in

Are theirop cropsworking?

Evaluation of the Emerald trap-cropping progi. am is challenging for several reasons. The
mobility of Hellcove, po spp. and the area-wide or regional scale of the Emerald trap-cropping
program makes it difficult, ifnot impossible, to compare 'treatineiit' and 'control' areas. The
design and objectives of the BEOS model of trap cropping (discussed in detail by Sequeira
1998) preclude traditional evaluation options such as 9'0reduction in damage on the main crop
used in other trap-crop strategies. The pest sink effect of the trap crop in relation to the main
crop cannot be evaluated for the spring component of the program because the mall crop is
planted after the destruction of the trap crop. Traditional evaluation criteria are also
inappropriate for determining the impact of the srimmer trap crop component because the
objective of tins component was not immediate reduction in haringe to the main crop.
Furthermore, the minuscule area of the trap crop in relation to the ing, in crop himts its use as
an in-seasonHe"cove, po sink.

In view of the strategic objectives of the trap cropping program (see Sequeira 1998 for
details), its impact can be evaluated in one of several ways. These include the foUowing: (a)
Quantification of the long-term treiid in pest pressure on the main crop (cotton) before and
after the implaneritation of the program. (b) Quantification of the long-term tr'end milevels of
resistance to commercial insecticides before and after the implon, Gritstion of the program. (c)
Evaluation of participation by glowers and interest in adoption of PM options. (d)
Asses^merit of action learning opportunities provided by the program, and increased levels of
communication between individuals and goupsof growers.

As an ex, ,inPIG of(a) above, egg-laying activity on cotton during the first two months of the
season as indicated by commercial cotton crop scouting data for five farms tilthe Emerald
area over a period of 11 seasons is s, ,mm, ,, ised in Fig. (1). Ifthe spring trap crops (chickpea)
had a significant impact on the population dynamics of Hencoverpa, this impact wordd be
manifested as a reduction in early season pressure on cotton after the onset of the program.
Fig. (1) shows that the lowest mean egg density for October was recorded in 1997, fomowed
by 1999. The second highest mean egg density for October. was recorded in 1998. A similar
pattern aria'ges forthe month of November.
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Fig. I. Long-term Mean monthly egg density of cotton crops (average offive farms) for
the months of October and November in the Emerald irrigation area. The rrow marks
the firstseason of trap cropping.

The analysis of egg-laying activity (Fig. I) chows that low Hellcove, :p0 egg and larval donsity
was observed in two of the three trap-cropping cycles (seasons) after the first implementation
of the program at beginiitng of the 1997-98 season. High pressure on cotton itIrougliout the
1998-99 season appears to be related to Hellcove, :po activity resulting from an extended
commercial chickpea cropping window in the winter of 1998 (discussed tilthe next section,
below). A low-pressure start to the cotton season also occurred in several years prior to the
introduction of the program. This leads to the conclusion that the direct impact of the spring
trap-cropping component, interms of aredustion in egg density on cotton early in the season,
camot be clearly distinguished from that of other weather related and external regulatory
factors innuericing Hellcove, ;po population dynarnics. However, it must be recognised hat the
current data set based on three cycles of trap cropping may not be adequate for a definitive
assesament of the impact of the trap-cropping program.

The potential impact of the SUILru, er trap crops (pigeon pea) on moth dynainics and resistance
to insecticides was undermined largely by agonomic issues. Low viabinty of the pigeon pea
seed and untiniely Tallfall resulted in poor plant stands and subsequent loss of most pigeon
pea stands in yeartw0 (1998-99) of the prog. am. Year three (1999-2000) revealed additional
agr. onomic issues such as very early flowering and maimation of pigeon pea stands, thereby
rendering the sink effect of the trap crops ineffective at the end of the cotton season. These
agronomic problems cast doubts on the suitability of the pigeon pea cultivar(s) Gunently used
fortrap cropping. It follows that the likely impact of the sunimer trap-cropping component of
the progi'am will be assessable only after several cycles havebeen completed.

Despite our inability to damonstr'ate a clear and definite impact of the trap-cropping program,
we have been able to show very clearly that chicl, pea crops planted in June/July can be used
very successfully as sinks for Hellcove, p@ spp. mspting. Random drop-SIIeet amIPting 10 x
Inn' areas of in=2 crops in 1997, in=6 crops in 1998 and n=4 crops in 1999 between July and
Septumber indicates population densities muging from 5 to 30 larvae/in . Of some 63
individual farms or foul"g I'mts tilthe EIA, at least 55 (87%) planted chickpea trap crops
over the three-year period indicated in Fig. (3). The total area under chickpea trap crops
during the period muged from 120 to 140 hectares. Using a conservative mean of 10
larvae/in' over animee years, destruction of the trap crops tillate Augusti'early Septumber
potentially eliminated more than 12 million larvae each year priorto spring planting of cotton
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and other crops. A stintlar result was found for pigeon pea trap crops. Even in seasons where
problerns with seed quality and plant stand were encountered, crops that came up wein
successfully attracted egg lays at the end of the season.

JP"4,111ctors limittfoe impactqftfoe trap-croppi"gprogr"",?

A minor litnitation of the Emerald program steius from its design. The Emerald crop
production system is a complex one that facilitates Hellcove, ;po build up and movement
(migration) amongst the various sources (cropping system components), within and between
seasons. Fig. (2) shows the positioning of the trap crops in relation to the major He"cove, po
sources in system. The expected pattern of Hellcove, po movernent(migration) between these
sources is indicated by arrows. Broad acre chickpea and cotton are the primiary sources of
Hellcove, :p@ in sping and rind-SI, miner, respectively

Cropltrosttype Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Native Weeds

Irrigated
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Fig. 2. Sc ematic diagram showing the major Hencove, PC producing sources in the
Emerald crop production syst in. Also shown are the expected pattern of moth
movement between components and POSi'oning of trap c ops. Details of the production
system and population dynamics of Heircove, PC in relation to crops grown in the
Emerald area can be found in Sequeira (1998) and Sequeira & eruy (1999).

The success of the spring trap crops depends on their presence and attractiveness when
He"coverp@ moths are emerging from chapause and/or coriumercial chicl^co crops and/or
weed hosts in the spring in search of new host plants such as cotton. Occasionally the
presence of the trap crops and moth movernent/natgiation is riotsynchronised, for example by
an unusually long winter cropping season. When this occurs, the sink effect of the trap crops
can be seriously undemiined. This appearsto have beenthe outcome in the spring of 1998/99
(see Fig. I) and the resultant heavy Hericoverpa pressure on cotton nitouglioutftiat season.

It is therefore clear that the winter crop component of the Emerald production system is a
crucial factor in determining the pest status of Hencove, po on late sping and s, ,miner crops.
Thus, the potaitial early-season impact of the trap-cropping program on cotton crops in any
given year will depend in part on the acreage under rain-fed chiclcpea and the degree of
overlap with cotton. Many other factors unuerice trap crop pertonnance and impact. Whilst
these factors are for the most part poorly understood, those that influence the effectiveness of
a spinig trap crop are likely to be different from those that determine the impact of a slimmer
trap crop

One such factoris the relationship between height of the SIImmer trap crop relative to adjacent
cotton and its effectiveness as a population sink at the end of the season. The data at hand
suggest that the trap crop needs to be substantially taller than the main crop to maximise the
population sink effect. Another important factor is the ratio of the trap crop to the main crop.
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In the trap-cropping literature this ratio appears to vary widely with the crop and target pest.
This aspect of trap cropping romans a critical issue and may be best examined by means of
computer simulation studies.

The picture emerging from the work so far is that in complex crop production systems, the
current fomi of trap cropping may be of minted usefiihiess as a stand-alone pest managernent
technique. The importance of winter crop refuges of Heircove, po and their potential mmuence
on the impact of the Emerald trap-cropping program suggests strongly that trap crops should
be used within the framework of an area-wide managernent. Such a strategy would animl
development of Hencove, ;p@ population management options for ram-fed winter crops that
could be enacted in conjunction with trap crops within irrigation areas. SLu, u, 16r or end-of-
season trap crops may also be of jintited usefiiiriess in jinxed-fanrting systems because of the
presence of other cornmercial crops in the area that can compete for Hellcove, :Do eggs,
thereby reducing the potaitialimpact of the trap crops

26

Fat"re directio"s

The most common protocol for trap cropping is companion or strip cropping which involves
planting a block or strip of the trap crop adjacontto the main crops to serve as a 'sink' for the
pest population. One drawback of the current BEOS model of trap cropping is that each farm
houses a single patch. If all the patches of trap crop are not planted at the same time or if
some growers do not participate, tints allows large proportions of the pest population to
escape, thereby underin^Ig the sink effect. Research is now in progress to examine the
possibility of moving from a 'farm' scale (one patch of trap crop per farm) to a 'paddock
scale. The change in scale may be simply achieved by Techstributhig the current trap crop area
(I%) as ships, one on every paddock of the farm. Otlier issues being considered are
Hellcove, ipo managernont options for chickpea, tall varieties of pigeon pea and cotton, and
alternative crop plants as trap crops.
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